Modulator recognition factor-2 (Mrf2/AT-rich interaction domain (Arid)5b) has been revealed to be involved in pathogenesis of atherosclerosis and adipogenesis. Single-nucleotide polymorphisms (SNPs) in the MRF2/ARID5B gene are associated with coronary artery disease (CAD) and has been proposed as a candidate gene for type 2 diabetes (T2D). The study was aimed to determine whether any of the four MRF2/ARID5B SNPs (rs2893880, rs10740055, rs7087507 and rs10761600) associated with susceptibility to CAD are also associated with T2D, and to determine whether SNP genotype influences the levels of adiponectin and other clinical factors. Association of MRF2/ARID5B SNPs was investigated in 500 diabetic patients from the Department of Metabolic Diseases at the University of Tokyo and 243 hospital-based nondiabetic individuals from the Institute for Adult Disease Asahi Life Foundation Hospital and 500 community-based nondiabetic individuals from the Hiroshima Atomic Bomb Casualty Council Health Management Center. Associations of haplotypes of these SNP with levels of adiponectin and other clinical factors were evaluated when the data was available. We found rs2893880C, rs10740055A, rs7087507A and rs10761600T were increasingly associated with T2D in terms of allele/genotype frequencies of each SNP and their haplotype combinations. Individuals with haplotype CAAT indicated an 1.86 times higher prevalence of diabetes compared with individuals with GCGA (OR 1.86 (95% confidence interval (CI) 1.43-2.41)). Furthermore, CAAT significantly associated with adiponectin levels and other clinical factors. In conclusion, polymorphisms on the MRF2/ARID5B gene were associated with susceptibility to T2D as well as adiponectin and other clinical factors, which was in a completely concordant way with their associations with CAD.
INTRODUCTION
Although multiple environmental factors as well as different genes indentified by single nucleotide polymorphisms (SNPs) and genomewide association studies were thought to contribute to type 2 diabetes (T2D), [1] [2] [3] [4] its pathophysiological basis remains to be elucidated. 5 Modulator recognition factor-2 (MRF2) is a member of the AT-rich interaction domain (ARID) family of transcription factors (also known as ARID5B or Desrt), binding with high affinity to the target sequence AATA (C/T). 6, 7 We previously reported the full length of MRF2/ARID5B and demonstrated its regulatory role for the phenotypic change of smooth muscle cells, which was considered as a crucial process for the pathogenesis of atherosclerosis. 8 On the other hand, targeted disruption of the Mrf2/Arid5b gene in mice has been reported to cause growth retardation and significant reductions in lipid accumulation and weight gain in postnatal and adult life. [9] [10] [11] Recent in vitro studies supported these findings and provided evidence of its role on adipogenesis. [12] [13] [14] All these are considered to be critical aspects in metabolic syndrome and T2D. We therefore hypothesized that genetic variations in the MRF2/ARID5B gene may predispose humans to coronary artery disease (CAD) and T2D. In our previous study, we confirmed the association of MRF2/ARID5B polymorphisms with susceptibility to CAD. 15 This study is to investigate whether or not these variations are also consistently associated with the presence of T2D and relevant clinical factors.
MATERIALS AND METHODS

Individuals and materials
This case-control study included 500 T2D patients (317 men and 183 women, 62.7 ± 10.1 years old, body mass index (BMI) 24.6 ± 4.2) and 743 nondiabetic individuals consisting 243 hospital-based individuals in control group 1 (130 men and 113 women, 53.5±11.1 years old, BMI 22.9±4.1) and 500 community-based individuals in control group 2 (235 men and 265 women, 68.5 ± 6.9 years old, BMI 24.5 ± 4.0). The T2D patients were randomly selected from the outpatient clinic of the Department of Metabolic Diseases at the University of Tokyo (Tokyo, Japan), as previously described. 16 T2D was diagnosed according to the criteria of the World Health Organization. The individuals in control group 1 were recruited in the year 2000 from the monthly follow-up or health check-up program at the outpatient clinic of the Institute for Adult Disease Asahi Life Foundation Hospital based on 420 years old and without definitely diagnosed type 1 or 2 diabetes or CAD. This group was included to give differences between patients and the hospital-based healthy subjects. The individuals in control group 2 were recruited from those undergoing routine health check-ups at the Hiroshima Atomic Bomb Casualty Council Health Management Center (Hiroshima, Japan) on the basis of: (1)450 years of old, (2) with hemoglobin A1c (HbA1c) values o6.2% and (3) having no family histories of T2D in the first-or second-degree relatives. 16, 17 The above criteria were chosen to detect differences between patients and the community-based health subjects with the aim of enhancing the power of the analyses. All participants were of full Japanese ethnicity. The study was approved by the institutional ethics committee of the University of Tokyo, and written informed consent was obtained from each participant.
Baseline information was collected at the point of enrollment. BMI was assessed with the subject wearing a scrub suit and no shoes. Blood samples were drawn in the fasting state, in which fasting plasma glucose (FPG), insulin and HbA1c levels were measured. HbA1c was given in NGSP (National Glycohemoglobin Standardization Program%), which is reported to be reasonably estimated by the equation of JDS (Japan Diabetes Society%) þ 0.4%. 18 Plasma adiponetin levels were measured using a ELISA kit from Fujirebio Inc. (Tokyo, Japan), which has been shown to be able to measure the proportion of the high molecular weight form of adiponectin 19 . As reported previously, a 100-ml volume of diluted serum and standard samples was applied to a 96-well microtiter plate coated with mouse antiadiponectin monoclonal antibody. The plate was incubated for an hour and washed and incubated with the same mouse monoclonal antibody labeled with horseradish peroxidase, then, the plate was washed and incubated with tetramethylbenzidine reagent. To stop the reaction, 0.36 N sulfuric acid solution was added, and the absorbance at 450 nm was measured. 16 Intraand inter-assay coefficients of variation of the kit were reported to be below 3.0 and 5.1%, respectively. 19 Insulin resistance was assessed by homeostasis model assessment (HOMA). Insulin resistance index indicates FPG (mmol l À1 ) Â fasting insulin (mU ml À1 )/22.5. 20 Genomic DNA extraction and genotyping of SNPs used in the association study Venous blood samples were collected in tubes containing Na 2 EDTA and applied to genomic DNA extracting columns (Genomix DNA Extraction Kit, Talent, Italy) according to the manufacturer's protocol. SNPs were genotyped using a MassARRAY system as described elsewhere. 21 In brief, primer extension products were analyzed by chip-based matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry following PCR amplification under the standard conditions. The results based on twice consistent independent genotyping, and ambiguous base callings were eliminated from further analysis.
The selection of SNPs of the MRF2/ARID5B gene was based on our previous findings of 11 intronic SNPs, 15 which covered the entire region of the gene and were selected from the JSNP (Japan Single Nucleotide Polymorphisms) database (http://snp.ims.u-tokyo.ac.jp) or the NCBI (National Center for Biotechnology Information) GeneBank database (http://www.ncbi.nlm.
nih.gov/SNP). As described previously, four nearby SNPs (rs2893880, rs10740055, rs7087507 and rs10761600) covering the region of exon 3 and intron 3 of the MRF2/ARID5B gene showed strong linkage disequilibrium (LD) and was assumed to constitute one haplotype block ( Figure 1 ). These variants were associated with CAD and were therefore investigated for their associations with T2D in this study. In addition, another four SNPs beyond this block ( Figure 1 ) were further genotyped to investigate whether a broader area exists that may confer risks to diabetes. Three were investigated in our previous study (rs7901348, rs2278308 and rs12357548) with one (rs10821944) included additionally.
Statistical analyses
Continuous parameters were presented as mean±s.d. or median (25th and 75th percentiles) and were compared using the Student's independent t test, Mann-Whitney U test or Kruskal-Wallis test, as appropriate. Categorical data were given as proportions of all the samples and were compared using the Pearson's chi-square (w 2 ) test. We planned a study with 1.5 controls per case. Based on our previous findings, to observe a 10% difference in allele or genotype frequencies between the two groups, with a power of 0.8 and at an alpha level of 0.05, conservatively, 342 diabetic patients and 513 control patients were necessary. For an association to be considered significant, it had to involve the same risk allele as that reported in our previous study. We took potential overestimation into account by applying Bonferroni correction of the number of SNPs when evaluating the most statistically significant values among those tested under different models, because the multiple-comparison nature of the tests lead to higher false-positive rates.
LD coefficients (D 0 ) of each pair of SNPs were estimated via the maximum likelihood from the two locus genotype data. Haplotypes were estimated by the expectation maximuzation algorithm under the assumption of Hardy Weinberg equilibrium. 16 Haplotype blocks was defined using the open source software Haploview based on the CI definition developed by Gabrieal et al., 22 where D 0 40.8 indicates strong LD, and the lower and upper CIs minima for strong LD were set as 0.60 and 0.98, respectively, in this study. For the estimation of haplotype frequencies, we selected one of the SNPs as a tagging SNP from every set of SNPs with D 0 40.80. 15, 23 All haplotypes were jointly tested for association with disease status by performing a 2 Â n w 2 test of independence in a permutation procedure, where 'n' indicates the number of haplotypes with a frequency 40.5. The odds ratios (ORs) and 95% CI, with adjustments for age, gender and BMI, were calculated by multivariable logistic regression analysis. The statistical analyses were performed using SPSS, version 17.0, software (SPSS Inc., Chicago, IL, USA). LD and haplotype analysis were confirmed with SNPAlyze v5.1 standard software (Dynacom, Yokohama, Japan). A two-tailed value of Po0.05 was considered to be significant unless otherwise indicated.
RESULTS
Baseline characteristics of the diabetic and nondiabetic individuals
All SNPs satisfied the Hardy-Weinberg equilibrium, and each of the minor allele frequencies was 45%. Call rate of each SNP defined by successful typing number divided by total typing number was 498%. The baseline characteristics of the diabetic patients and the control individuals are shown in Table 1 . The combined control group was formed by combining control groups 1 and 2. Control group 1 included higher portion of male, younger individuals, lower BMI and higher HbA1c than control group 2. Differences between the diabetic and each control group or the combined control group were observed for gender, age, HbA1c, FPG, the levels of adiponectin and other clinical factors.
Associations between MRF2/ARID5B SNPs and susceptibility to T2D The allele and genotypic frequencies are depicted in Table 2 . The C-allele for rs2893880, A-allele for rs10740055, A-allele for rs7087507 and T-allele for rs10761600 of the T2D patients were more prominent than each of control groups either for the allele frequencies or
Associations of MRF2/ARID5B with type 2 diabetes in Japanese G Wang et al genotypic frequencies. No difference was observed between the two control groups. Table 3 presents the results by applying a multivariable logistic regression, which gives the effect of each genotype by adjusting for age, gender and BMI. The results from the two control groups were concordant with each other. For rs2893880, compared with codominant-type GG, CC seemed to contribute higher risk to the presence of T2D (OR 1.52 (95% CI 1.04-2.23), P ¼ 0.032); for rs7087507, individuals of carrying GG or a single G (recessive model) seemed to decrease risk of presenting T2D than AA (OR 0.71 (95% CI 0.56-0.90), P ¼ 0.005). With respect to rs10740055, codominant-type AA increased risk of T2D as compared with CC (OR 1.65 (95% CI 1.20-2.26), P ¼ 0.0021), and carrying CC or a single C (recessive model) prevent individuals from presenting T2D than AA (OR 0.64 (95% CI 2 ), which are formed by combining control groups 1 and 2, vs T2D. Continuous parameters were described as mean ± s.d; differences of age and BMI were compared using Student's t test, and others were tested by Mann-Whitney U test.Gender was given as number (proportions of the entire sample) and tested by chi-square test.
0.50-0.83), P ¼ 0007). For the SNP of rs10761600, compared with codominant TT, AT and AA decreased risk of T2D by 42 and 43%, and AA or AT(dominant model) prevented individual from being T2D than TT (OR 0.58 (95% CI 0.42-0.78), P ¼ 0.00039). Regarding SNPs rs7901348, rs2278308, rs10821944 and rs12357548, no additional associations were found.
LD between MRF2/ARID5B SNPs and T2D A total of 10 haplotype blocks were defined, as indicated using Japanese data from the HapMap database ( Figure 1 ). Strong LD was detected among rs2893880, rs10740055, rs7087507 and rs10761600, which were located within the third haplotype block. rs7901348, rs2278308, rs10821944 and rs12357548 were not included in this block. Five major haplotype combinations with prevalence of 45% are shown in (Figure 2) . Individuals with the combination of CAAT alleles indicated an 84% increased prevalence of diabetes compared to individuals with GCGA (OR 1.84 (95% CI 1.43-2.37)). The significance was remained after adjusting for age, gender and BMI (OR 1.86 (95% CI 1.43-2.41)).
Associations of MRF2/ARID5B with plasma adiponectin levels and other clinical factors The associations of MRF2/ARID5B SNPs with adiponectin level and other clinical factors were explored where data was available. The levels of clinical factors were compared between individuals with haplotypes CAAT and haplotype other than CAAT (others). A multivariable analysis (multivariable analysis 1, Table 5 ) adjusting for age, gender and BMI indicated that higher HbA1c level (Po0.001), higher FPG level (P ¼ 0.036) and lower adiponectin level (P ¼ 0.028) were associated with higher frequency of haplotype CAAT.
Because there were moderate correlations of BMI with leptin, HOMA-IR and HOMA-b (r ¼ 0.47, 0.45 and 0.38, respectively), a multivariable analysis adjusting for only age and gender (multivariable analysis 2, Table 5 ) was performed to avoid multicollinearity. In addition to HbA1c, FPG and adiponectin, leptin (P ¼ 0.003) and HOMA-IR (P ¼ 0.024) showed a significant association with haplotype CAAT. No significant association was observed for BMI, insulin resistance index, or HOMA-b within this study population. 
DISCUSSION
To our knowledge, this is the first study in humans investigating the relation of MRF2/ARID5B variations with the presence of T2D. We found that variants of rs2893880, rs10740055, rs7087507 and rs10761600 on the MRF2/ARID5B gene were associated with T2D; carrying C, A, A and T seemed to increase the risk of T2D, and was associated with higher HbA1c and FPG level. CAAT was also related to lower adiponectin level and higher leptin level. These findings are concordant with our previous study involving CAD patients. Although the associations of MRF2/ARID5B SNPs with diabetes and its associations with CAD may be independent from each other, it is considered that the former may be, at least, partially responsible for the latter.
Variations involved in our studies were located within the second and third intron regions of MRF2/ARID5Bbeta with an open reading frame of 3564 bp, and no coding SNPs were observed in exon 3 or exon 4 as indicated by Wanget al. 15 and Trevino et al.; 24 therefore, these intronic polymorphisms are much more likely to have a modifying effect by influencing the expression level of MRF2/ARID5B by Abbreviations: ARID, AT-rich interaction domain; CI, confidence interval; MRF2, modulator recognition factor-2; OR, odds ratio; SNP, single nucleotide polymorphism; T2D, type 2 diabetes. ORs were adjusted for age, sex and body mass index. Values were given as haplotype frequencies and proportions (%) of the total combinations, and compared with chi-square test.n refers to numbers of individuals.
themselves or by other unknown causative genetic variations located within or nearby the haplotype block that remains to be elucidated. Regarding the mechanisms through which MRF2/ARID5B SNPs are involved in the presence of diabetes, several possibilities could be considered. First, based on the finding from mice lacking the Mrf2/ Arid5b gene, [9] [10] [11] and the in vivo and in vitro evidence provided by Donget al. 12 and Yamakawa et al., 13, 14 MRF2/ARID5B may influence diabetes through its regulation of adipogenesis. Second, gene targeting of Mrf2/Arid5b also showed the homozygous mutant presented reduced viability and displayed male and female reproductive organ abnormalities and adrenal gland abnormalities, 9, 10 suggesting that Mrf2/Arid5b likely has important roles in the endocrine system and influences insulin resistance. We revealed that MRF2/ARID5B seemed to be associated with HOMA-IR, which may support this hypothesis. In addition, MRF2/ARID5B was cloned as a key regulator for smooth muscle cell differentiation, 8 suggesting that the mechanism involved in the associations of MRF2/ARID5B SNPs with CAD may be also responsible for its association with diabetes. Finally, adiponectin is a well-known antidiabetic adipocytokine 25 and believed to have crucial roles in the regulation of energy homeostasis and insulin sensitivity. 26 Our findings in the present study support speculation that the MRF2/ ARID5B variations may be involved in the pathogenesis of diabetes through regulating the adiponectin level. Though we do not have any data yet to reveal the mechanisms, we could speculate it from the analysis of the human adiponection promoter. In the basal promoter region of human adiponectin, PPRE, SREBP and C/EBP are important for transcriptional activation. 27, 28 As MRF2/ARID5B protein was reported to recognize a five-base core sequence (AATA(C/T)), we found several possible MRF2 binding sites in this region. 7 Especially, we are very interested in the A/T-rich region, which is adjacent to PPRE binding sites (from À286 to À267). It is possible that MRF2 may bind this region and PPARG and activate the adiponectin transcription, but further investigation is necessary.
Recently, two independent, large genome-wide association studies 24,29 reported linkage of acute lymphoblastic leukemia to a locus in the ARID5B. Several replication analysis validated the findings in different ethnic populations, [30] [31] [32] including the first genome-wide association study in an Asian population. 33 These studies involved variations of rs7073837, rs10994982, rs10821963, rs7896246 and rs7089424, all of which were located within the same third haplotype block as we focused on. Besides, a newly reported meta-analysis of genome-wide association study identified ARID5B as one of nine novel loci associated with rheumatoid in the Japanese population that was followed by a subgroup analysis identifying the association of ARID5B with Graves's disease. 34 Based on these findings, MRF2/ARID5B was indicated to involve in inflammation and autoimmune. Although none of these studies investigated the associations of their SNPs with T2D or obesity, these findings could serve as a resource for replication and offer room for deeper study to identify possible biological pathways, including inflammation and autoimmune that may contribute to diabetes as well as other human disorders.
This study has some limitations. First, differences were detected as compared with a hospital-based control group and a community- Figure 2 The association of other haplotypes with type 2 diabetes (T2D) in comparison to GCGA. a Reference haplotype; b data were given as number of each of the five major haplotypes. Non-GCGA indicates all haplotypes other than GCGA. Odds ratio (OR) ¼ odds of T2D in subjects with each of the other haplotypes/odds of T2D in subjects with GCGA. Box represents each OR. The size of each box is proportional to the inverse variance weight of the estimated effect size. Horizontal lines represent 95% confidence interval (CI) of OR. The vertical line is at the null OR.
based control group, given that these participants were included around year 2000, control group 1 involved some subjects whose HbA1c (NGSP%) is 46.2%, and some whose age is o40 years, it may raise a possibility that some potential diabetes patients might be included. However, finding from these two groups were consistent with each other, and no difference were observed between these two groups in terms of MRF2/ARID5B allele and genotypic frequencies. Besides, involving hospital-based control group might possibly lead to an underestimated result; however, it is more likely to represent the real setting of general clinical practice. Second, although all disease associated variations localized within the same LD block, we could not exclude the possibility that SNPs located in other haplotype blocks, which were not investigated in this study, may have stronger association with T2D and relevant clinical factors. Besides, the SNPs assessed here are not causal variants, further function support analysis is warranted to elucidate the underlying mechanisms of them.
In summary, the findings from this study and those from our previous research implied MRF2/ARID5B as a novel susceptibility factor for both T2D and CAD. It may influence the presence of T2D through obesity or insulin resistance or both. Elucidation of the mechanisms through which the no-coding variants of the MRF2/ ARID5B gene are involved in susceptibility to T2D, CAD and other diseases could contribute to the further understanding of the pathogenesis of these human disorders.
